In this paper, we illustrate a method to segment handwritten Chinese characters from destination addresses of mail pieces. Fast Hough transform is utilized to detect the reference lines preprinted on the mail piece. In the segmentation, subassemblies of Chinese characters are merged based on the structural features of Chinese characters and the subassemblies' topological relations, viz. upper-lower, inside-outside and left-right relations. The width of subassemblies and the spacing between neighboring subassemblies in the whole image of the destination address are analyzed to guide the merging of the left-right subassemblies. Experimental results with real mail piece images show that the proposed approach has achieved a promising performance for segmenting handwritten Chinese characters.
Introduction
Automatic letter sorting is a key section in the postal automation, in which character recognition technology has been successfully applied. In recent years, with the rapid development of Chinese economy, more than 200 sets of automatic letter sorters, by which the postal numerals written in the six boxes can be recognized, have been deployed throughout China so far. However, it is hard to significantly improve the performance of numeral recognition based on the current theory and technology in the field of character recognition. On the other hand, the information included in the destination address of a mail piece is generally ignored. So it is of significant meaning to study a practical algorithm for segmenting and recognizing Chinese characters in the destination address.
As a matter of fact, segmentation is a very important procedure for offline handwritten Chinese character recognition system, because most recognizers can only deal with isolated characters and correct recognition relies on correct segmentation of characters. Therefore, segmentation of handwritten Chinese characters from document images plays a crucial role in the recognition system.
A number of papers concerning the offline recognition of handwritten Chinese characters have been published in the past several decades, 12, 14, 16 and almost all of them focus on the recognition of isolated characters. However, the segmentation of free-format handwritten Chinese characters from document images has been rarely discussed except in Refs. 6 and 11. In Hong's approach, 6 the basic segmentation and the fine segmentation were performed based on the varying spacing thresholds and the minimum variance criteria. The five most probable ways of segmentation were derived, and all the possible segments were extracted and recognized. Then a lattice was created and searched using a viterbi-based algorithm to find the most likely character sequence. This method was proposed on the assumption that the gap consequentially existed between two neighboring characters; therefore it cannot deal with the overlapping characters.
Tseng and Chen 11 presented an approach based on heuristic merging of stroke bounding boxes and dynamic programming to segment handwritten Chinese characters. The strokes of the Chinese characters were extracted first and were used to build the stroke bounding boxes. Knowledge-based merging operations were applied to merge the stroke bounding boxes to form candidate boxes. Finally, a dynamic programming method was utilized to find the best segmentation boundaries. This method was able to handle the overlapping of characters, but the extraction of character strokes is time-consuming.
Several methods have been reported for the segmentation of handwritten western alphabets and numerals.
2,7,9,10 Most of these approaches make use of spatial information or character shape information. In general, the segmentation can be classified into two strategies. One is the structure-based technique, and the other is the recognition-based technique. However, Chinese characters are quite different from the western alphabets and numerals. Their structure is more complicated. Most Chinese characters consist of more than two connected components, and the spacing between characters and the spacing inside characters vary considerably. Though it is common for people to leave a larger gap between characters than inside characters, the spatial information is not reliable. This paper will focus on segmenting handwritten Chinese characters from destination addresses of mail pieces. In the next section, we describe the preprocessing in which the reference line preprinted on a mail piece face is detected and removed from the image of the destination address region. While Hough transform is utilized to detect the reference line, the extracted feature points are divided into two subsets, from which two feature points are selected respectively to compute parameters in the Hough space.
The segmentation of handwritten Chinese characters is discussed in Sec. 3. According to the structural features of Chinese characters, subassemblies are merged based on their topological relations, viz. upper-lower, left-right and inside-outside. The width of subassemblies and spacing between neighboring subassemblies in the whole image of the destination address are analyzed to guide the merging of left-right subassemblies.
Section 4 gives the test results of the proposed approach which is applied to segment the handwritten Chinese characters from the destination addresses of real mail pieces.
Detection and Removal of the Reference Line
In general, three horizontal straight lines are preprinted on many Chinese envelopes to standardize the writing habit. These lines correspond to the destination address line (DAL), the addressee name line (ANL) and the sender address line (SAL), respectively. These are called reference lines. Consequently, detection and removal of reference lines play a very important role in the preprocessing.
There are two typical methods of line detection. One is based on projection profile, and the other one is on Hough transform. The former is a time-tested technique, but makes the implicit assumption that the line was preprinted horizontally and that the image was captured without skew. Hence, the method fails for lines with significant tilt. Unfortunately, when an envelope is fed mechanically to a letter sorting machine, it suffers from some degrees of skew or tilt. A few degrees skew is unavoidable. It is a fact that the reference line cannot be detected successfully by this approach in many cases, as illustrated in Fig. 1 .
Hough transform 8 is a commonly used line detecting method, and has been widely applied in the document skew detection. 1, 5 The basic idea of straight line detection by the standard Hough transform is a voting process where each pixel on the image votes for all the possible lines passing through that point. Each pixel on the image space is transformed to a parameterized line in the parameter space. An accumulator with a cell array is laid on the parameter space, and each image pixel gives one score to the cell lying on its parameterized line. The parameter coordinates of the cell with the maximal score are used to represent the straight line of the image space. The heavy burden of the computational complexity and massive storage requirement is the primary drawback of standard Hough transform. Besides, it is also quite a blind algorithm. To overcome these weaknesses, many modified approaches have been presented.
3,13
To meet the real-time requirements of the practical system, the knowledge of the reference line on the mail piece image is utilized to alleviate the computational and storage burden of Hough transform in this paper. In summary, some improvements • Pixels of strokes, and feature points; • Pixels of strokes, but not feature points; Pixels of reference line, and feature points; Pixels of reference line, but not feature points. are made:
(1) For a reference line expressed by y = ax+b, it is generally located within a small angle with the horizon. In a heuristic way, the parameter a can be set between [−A, A], which can reduce the search range significantly. The parameter A is equal to arctan(H dai /W dai ), where H dai and W dai represent the height and width of the destination address image, respectively. (2) Only feature points are transformed to the parameter space instead of all pixels.
The reference line is located at the bottom of the destination address region. The set F of the feature points consists of the lowest pixels in each column. Although some character strokes may cross the reference line, the feature points mostly come from the underside edge of the reference line, as illustrated in Fig. 2 . This results in a drastic reduction in the computation time. Figure 3 shows the feature points corresponding to Fig. 1.  ( 3) The features are divided into two subsets: F l and F r . They correspond to the left and the right parts of the destination address image. Obtaining two feature points p 1 (x 1 , y 1 ) ∈ F l and p 2 (x 2 , y 2 ) ∈ F r , we can simply map them into a point (a, b) of the parameter space by solving the following joint equations: In view of the fact that x 2 is not equal to x 1 , the equations can be solved for the correct a and b. In this way, the blind search and high computation cost in the conventional Hough transform are avoided. (4) Once there is an accumulated cell with a score larger than the threshold N , the detection procedure is stopped, and the corresponding parameter is considered as the detected reference line. The threshold N is related to the width of destination address image. We set N = τW dai , where τ is a constant factor.
The detected reference line is removed according to the local position relation between the reference line and character strokes, such as contact, intersection and superposition, as discussed in our earlier paper.
15 Figure 4 demonstrates the effectiveness of the method by experiments on detection and removal of reference lines on the real Chinese mail pieces. The algorithm is run on a PII-300. The detection of reference line by Hough transform requires 4-11 milliseconds for one mail piece, and the removal of reference line requires about 3 milliseconds on the average. It can be seen that the practical value can be achieved by the present approach.
Segmentation of Chinese Characters

Characteristic of Chinese characters
The structure of Chinese characters is more complex than that of the western characters. Most Chinese characters consist of more than two connected components. 4 For convenience, we define the subassembly of a Chinese character in this paper. Definition 1. There are n connected components C (k) (k = 1, 2, . . . , n) in the image of a given Chinese character H, which is denoted as H = ∀ k∈{1,2,...,n} C (k) , then the subassembly E is defined as E = k∈{1,2,...,n} C (k) , which means that E is a composition of one or several connected components.
The subassembly acts as a bridge between the connected component and the complete Chinese character, where the subassembly is no less than one connected component, but not bigger than a complete Chinese character. In general, a subassembly includes one or several connected components, and a Chinese character includes one or several subassemblies. It is found that the topological relation of any two assemblies can be expressed as one of the nine relations showed in Fig. 5 .
Merging of subassemblies
The topological relation of any two subassemblies belongs to one of the three types, viz. upper-lower [ Fig. 5(a) 
It is evident that the merging of upper-lower and inside-outside subassemblies is trivial. However, the free-format writing results in the difficulty of merging the left-right subassemblies. An analysis of the structure of Chinese characters and the writing style of the character string is helpful.
Merging of left right subassemblies
The merging of left-right subassemblies is a challenging problem. Generally speaking, whether the neighboring subassemblies should be merged into one character depends on the information such as the width of subassemblies and the spacing between the neighboring subassemblies. However, as the writing style significantly varies from person to person, the above information is not stable. Analysis of the writing style of the whole destination address can provide heuristic information for merging the left-right subassemblies, which is based on the following hypothesis:
(a) In general, the given destination address was written by a certain writer at one time, and the writing style is somewhat consistent for a given image. (b) Normally, the spacing between characters is wider than that between subassemblies of one character. (c) The difference of sizes (width and height) among written Chinese characters in the destination address is not too big.
As illustrated in Fig. 6 , only left-right subassemblies exist after the upper-lower and inside-outside subassemblies have been merged. Suppose that the spacing of the neighboring subassemblies is G The width of the merged subassembly combining (k) and (k + 1) is to be
and W (k) m are normalized as: Where ε is a constant factor. We let ε = 1.2 experimentally.
Experimental results
The proposed segmentation approach is applied to segment the handwritten Chinese characters from destination addresses of mail pieces. The procedure has been demonstrated in Fig. 8 . As the result of subassemblies merging, each handwritten Chinese character is enclosed successfully by a rectangle. Figure 9 gives some segmentation results of some destination address images captured from the real mail pieces.
Test Results and Conclusions
For the experiments, 3,498 images containing 26,131 handwritten Chinese characters were captured from real Chinese mails by an automatic mail sorting machine. Each destination address image was segmented from the destination address zone first, and then the experiments were conducted to segment handwritten Chinese characters based on the proposed methods. The experimental results show that above 94.12% of the characters can be segmented successfully.
The proposed approach can be implemented at a fast speed with practical value. The processing time for a typical mail piece image is less than 57 milliseconds on PII-300, which meets the real-time requirements.
Segmentation of handwritten Chinese characters is one of the key technologies for a practical offline handwritten Chinese character recognition system. It can be found that the proposed approach is feasible for segmenting handwritten Chinese characters from the destination addresses on the real mail pieces.
Since proper character segmentation requires prior knowledge of which patterns form a meaningful unit, segmentation itself requires the ability of pattern recognition. But the proposed method is a pure structure-based technique. Further study will focus on utilizing character/subassembly recognition and semantic understanding to improve segmentation performance. The segmentation of the connected handwritten Chinese characters is also a challenging problem that should be handled in the future.
